S
EVERAL EPIDEMIOLOGICAL STUDies have shown an association between adiposity and the risk of incident colorectal cancer. [1] [2] [3] [4] [5] Observational studies also have shown that markers of insulin resistance, such as high circulating levels of C-peptide and insulin-like growth factor-binding protein 1 (IGFBP1), are directly associated with colorectal cancer risk. [6] [7] [8] [9] Adiponectin is a protein secreted by the adipose tissue, and has been found to be an endogenous insulin sensitizer. In contrast to other adipokines such as leptin, adiponectin circulating levels are decreased in obese individuals and in those with diabetes. 10 Given the association of adiponectin with insulin resistance and IGF as well as the association of insulin resistance and IGF with risk of colorectal cancer, we hypothesized that the adiponectin pathway may directly affect colorectal cancer risk.
Several lines of evidence support this hypothesis. Adiponectin and its receptors are expressed in colonic tissue. 11, 12 Adiponectin seems to act in preneoplastic colonic lesions to regulate cell growth by activating, altering, or interacting with several pathways including the leptin and the NFB pathways. 13 Furthermore, we have previously shown that adiponectin levels are inversely associated with risk of colorectal cancer. 14 In a prospective, nested case-control study, men with low adiponectin levels had a higher risk of colorectal cancer compared with men with higher levels. Compared with men in the lowest quintile, men in the highest adiponectin quintile had a 68% lower risk of colorectal cancer (relative risk, 0.42; 95% confidence interval [CI] , 0.23-0.78). 14 In addition, the expression levels of ADIPOR1 and ADIPOR2, the 2 adiponectin receptors, are higher in colorectal carcinomas compared with normal colonic epithelium. 12 Several adiponectin polymorphisms have been shown to influence adiponectin levels and polymorphisms of genes for both the ligand (ADIPOQ, Gene ID 9370, GeneBank ID NM_004797) and its type 1 receptor (ADIPOR1, Gene ID 51094, GeneBank ID NM_015999) have been associated with risk for insulin resistance, cardiovascular disease, and diabetes mellitus. [15] [16] [17] [18] [19] [20] [21] [22] The roles of adiponectin receptor 1 (ADIPOR1) and adiponectin receptor 2 (ADIPOR2) genes in insulin resistance were assessed in several genetic association studies. Crimmins and Martin 22 summarized those findings and found that only 1 ADIPOR1 single-nucleotide polymorphism (SNP) (rs1342387) was significantly associated with risk for insulin resistance. However, the association of these polymorphisms with colorectal cancer risk has not been studied. To investigate the association between 2 key genes of the adiponectin pathway and colorectal cancer risk, we genotyped 10 haplotype-tagging SNPs of the ADIPOQ and ADIPOR1 genes in 2 independent case-control studies.
METHODS

Study Participants
The first study was performed to evaluate potential associations between polymorphisms of ADIPOQ and ADIPOR1 with colorectal cancer. The second casecontrol study was used for replication of the findings from the first.
Case-Control Study 1
As part of the protocols approved by the institutional review board (IRB), we obtained blood samples that had been collected from 441 patients treated at Memorial Sloan-Kettering Cancer (New York, New York) with a diagnosis of colorectal cancer. Collection of consecutive cases occurred in one phase be- Project, a large cohort study that has been previously described in detail. 23 The response rate was 89%. None of the controls had any personal history of cancer at the time of blood donation, which was ascertained with a questionnaire completed by each healthy volunteer. All participants signed an IRBapproved informed consent. All cases and controls were white and of Ashkenazi Jewish background.
Case-Control Study 2
The second case-control study included 199 matched pairs of colorectal cancer cases and controls from Northwestern University in Chicago, Illinois. Cases and controls were matched 1:1 for age, ethnicity, and sex. Potential participants are approached either by a genetic counselor or by a physician. The overall response rate has been 25%. The 2 main reasons for refusal to participate were lack of time and concerns about privacy. The repository represents a clinically diverse population with housing samples and data from healthy individuals and patients with the most common health conditions such as diabetes, cancer, and autoimmune and cardiovascular diseases. Participants signed an IRB-approved informed consent to allow distribution and use of deidentified samples and data for a broad range of research. The ability to regularly update participant health status allows NUgene to provide investigators with the most appropriate samples for their research. Controls were selected from NUgene participants without any self-reported history of cancer. Participants with International Classification of Diseases, Ninth Revision codes indicating a diagnosis of cancer were excluded.
DNA Isolation
DNA from whole blood lymphocytes was extracted using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) and was stored at −20°C until use for genotyping. All DNA samples underwent whole genome amplification using the Illustra Genomiphi V2 DNA Amplification Kit (GE Healthcare, Waukesha, Wisconsin; catalog No. 25660032). The samples were stored at −20°C.
Selection of SNPs
We selected SNPs capturing variations in the major blocks in each gene. However, we preferentially chose the functionally relevant SNPs among those tagging SNPs and therefore genotyped 10 SNPs that either affect adiponectin levels or are associated with risk for insulin resistance, cardiovascular disease, and diabetes. [15] [16] [17] [18] [19] [20] [21] [22] Furthermore, we only selected SNPs with a minimum allele frequency of 10% in whites. The adiponectin gene has more than 10 tagging SNPs 16, 21 and 2 linkage disequilibrium blocks with a block boundary between −2049 and −450. 18 We chose to genotype rs266729 (5Ј flanking region), rs822395 (intron 1), and rs822396 (intron 1) to tag block 1 and rs1501299 (intron 2) and rs2241766 (exon 2) to tag block 2 because these are the 5 most common SNPs and have been studied more extensively by others regarding their functionality and in relation to diseases such as diabetes mellitus [15] [16] [17] [18] (FIGURE) . ADIPOR1 has more than 28 SNPs in 2 linkage disequilibrium blocks. 20 One block extends from the 5Ј flanking region to intron 4 and the other is located at the 3Ј end of the gene. Based on this structure, we selected 5 common SNPs for genotyping. For block 1, we selected the following tagging SNPs: rs2232853 (5Ј flanking region), rs12733285 (intron 1), and rs1342387 (intron 4). For block 2, we selected rs7539542 VARIANTS OF ADIPONECTIN PATHWAY AND COLORECTAL CANCER RISK (exon 8) and rs10920531 (3Ј flanking region). These SNPs were selected because they tag both linkage disequilibrium blocks.
The probes used were VIC and FAM. The primers for the different SNPs for ADIPOQ and ADIPOR1 are shown in the BOX.
Genotyping
Genotyping for all 10 SNPs was performed by Taqman SNP allelic discrimination by means of an ABI 7900HT (Applied Biosystems, Forest City, California). Results were ascertained by using the SDS software version 2.3 (Applied Biosystems). All results were automatically called (ie, the device displays the genotypes automatically with a 95% certainty). A total of 5% of samples were genotyped in duplicate and showed 100% concordance.
Statistical Analysis
2 Tests were used to compare genotype frequency and demographic distributions between cases and controls. Univariate and multivariate unconditional logistic regression was used to estimate crude and adjusted odds ratios (ORs). Multivariate logistic regression models for each SNP were adjusted for age, sex, and other SNPs in the same gene. Specifically, for case-control study 1, crude ORs were unadjusted but the other ORs were adjusted for age (continuous), sex (binary), and SNPs from the same gene (categorical). For case-control study 2, crude ORs were adjusted for matching factors of age (continuous), sex (binary), and race (categorical) and other ORs were additionally adjusted for SNPs from the same gene (categorical). For the combined analysis, crude ORs were unadjusted but other ORs were adjusted for age (continuous), sex (binary), race (categorical), and SNPs from the same gene (categorical).
The additive and the dominant models were used for the analysis. In the additive model, each SNP is modeled categorically and separated into 3 categories, 1 for each genotype, with 1 genotype chosen as the reference group. For the dominant model, each SNP is modeled as a dichotomous variable with 1 genotype chosen as the reference group, and the other 2 genotypes combined into 1 category.
All comparisons were 2-sided with a P value of .05. Using a prevalence of 0.48 (prevalence of GG/CG for SNP rs266729 in controls), we calculated that the power to detect an OR of 2 is as follows: combined study, power=0.99; matched study (case-control study 2), power=0.93, and unmatched study (case-control study 1), power=0.99. No adjustment for multiple comparisons was conducted in the analysis. All P values can be multiplied by 10 to give Bonferroni-adjusted P values or the 2-sided significance level can be changed to .005. Statistical analysis was performed using SAS statistical software version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Demographics
Cases and controls from study 1 were all whites and residents of New York, New York (TABLE 1). The median age of cases was 64 years (interquartile range [IQR], 55.0-71.0 years) and the median age of controls was 51 years (IQR, 43.0-58.6 years). More cases than controls were men. Individuals in case-control study 2 were matched for ethnicity, age (within 5 years), geographic location, and sex ( Table 1 ). The median age of cases was 60 years (IQR, 51.0-69.0 years) and the median age of controls was 58 years (IQR, 49.0-67.0 years). TABLE 2 and TABLE 3 present results under the dominant and additive models, respectively. Analysis under the dominant model showed that 3 haplotypetagging SNPs were associated with colorectal cancer risk in case-control study 1 ( Table 2 ). The rs266729 GG/CG genotypes were associated with decreased colorectal cancer risk (OR, 0.72; 95% CI, 0.55-0.95). The rs822395 AA/AC genotypes were associated with increased colorectal cancer risk (OR, 1.76; 95% CI, 1.09-2.84) and the rs822396 AA/AG genotypes conferred a decreased colorectal cancer risk (OR, 0.37; 95% CI, 0.14-1.00). In the validation study (casecontrol study 2), only the rs266729 polymorphism was significantly associated (Figure) . Each SNP associated with colorectal cancer risk fits the HardyWeinberg equilibrium among controls.
ADIPOQ SNPs and Colorectal Cancer Risk
ADIPOR1 SNPs and Colorectal Cancer Risk
Five haplotype-tagging SNPs of ADIPOR1 were genotyped. In case-control study 1, rs1342387 CC/TC genotypes were associated with an increased risk of colorectal cancer (OR, 1.79; 95% CI, 1.18-2.72). This association was not confirmed in the validation study (OR, 1.06; 95% CI, 0.68-1.66). Combined analysis of the 2 studies under the dominant model does not show any association of ADIPOR1 SNPs with colorectal cancer risk (Table 4) . Each SNP associated with colorectal cancer risk fits the HardyWeinberg equilibrium among controls.
COMMENT
In this clinic-based case-control analysis, we found an association between 1 SNP of the ADIPOQ gene (rs266729) and colorectal cancer risk in 2 separate case-control studies, as well as in the combined analysis of both studies after adjustment for age, sex, and other SNPs.
There is considerable emerging evidence pointing to the importance of adiponectin signaling in colorectal carcinogenesis. Colonic tissue expresses both ADIPOR1 and ADIPOR2. 12 Two recent studies have shown an association between serum adiponectin levels and colorectal cancer risk, 12,14 with a 47% reduction in risk in the highest vs the lowest quintile.
14 However, another investigation did not find an association. 24 The link between adiponectin and colorectal cancer may be the IGF pathway. Hyperinsulinemia reduces circulating levels of IGFBP1, which may lead to higher levels of unbound IGF1. High levels of circulating IGF1, which increase cellular proliferation and inhibit apoptosis, 25, 26 have been associated with increased risk of several common cancers, including colorectal cancer. 6, 27, 28 We also recently reported that high levels of insulin (as reflected by increased C-peptide) or high levels of bioavailable IGF1 (assessed by the ratio of IGF1 to IGFBP3) independently predicted increased risk for colorectal cancer; high levels of both were not associated with higher risk. 9 In the 2 sets of cases and controls that included a total of 1497 individuals, we observed a consistent association between rs266729 and colorectal cancer risk. More specifically, individuals with the GG/GC genotype have a 27% lower odds of colorectal cancer than those with the CC genotype. It has been shown that the G allele is associated with lower adiponectin levels. 19 The haplotype-tagging SNP rs266729 is located in the 5Ј flanking region of the gene at position −11365 within the promoter region. Polymorphisms within the promoter region have been associated with adiponectin levels and risk of diabetes. 21 Furthermore, rs266729 has been associated with the risk of coronary artery bypass graft and percutaneous transluminal coronary angioplasty. 29 Other polymorphisms in this region, including rs2117985 (−18003), rs822387 (−14811), and rs860291 (−12891), also have been significantly 
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©2008 American Medical Association. All rights reserved. associated with adiponectin levels. 17 In addition, individuals with the genotypes rs17300539 (−11391) AA/AG have 64% higher adiponectin levels (P = .01). 18 In our current study, we chose to study only 1 polymorphisms of the 5Ј flanking region. Our data as well as data from other investigators highlight the importance of this region, both for gene function and as a disease-causing region in the adiponectin gene. Interestingly, combined analysis of the 2 studies presented in this article showed a borderline association between rs822395 and colorectal cancer risk, which suggests that several SNPs within this region may be associated with colorectal cancer risk.
We recently evaluated 10 SNPs of the adiponectin pathway with regard to breast cancer risk. 30 Our findings showed that a different region in the adiponectin gene was an important modifier of breast cancer risk. More specifically, we found that ϩ45 T→G ( r s 2 2 4 1 7 6 6 ) a n d ϩ 2 7 6 G → T (rs1501299) are associated with breast cancer risk. Both polymorphisms belong to block 2; rs2241766 is located in exon 2 whereas rs1501299 is located in intron 2. We also found 1 polymorphism of ADIPOR1 (ϩ10225 C→G [rs7539542]) to be significantly associated with breast cancer risk. The haplotype-tagging SNPs used in these studies represent genomic regions putatively associated with cancer risk but the functionally significant SNPs and/or mutations are likely different from these haplotype-tagging SNPs. Additional fine mapping studies will be needed to determine if the functional SNPs associated with breast cancer risk are different from the SNPs associated with colorectal cancer risk.
This study has several strengths. Case-control study 1 included a large number of cases and controls (N=1099) with the same ethnic status and from the same geographic area. All cases and controls recruited in case-control study 2 were recruited at the same institution, and were matched for age, sex, and ethnic status. One of the 4 genotypic 
©2008 American Medical Association. All rights reserved. combinations associated with colorectal cancer in study 1 was confirmed in study 2 despite differences in the age, ethnic status, and proportion of males and females between the 2 studies. The magnitude of the association of rs266729 with colorectal cancer was comparable in the 2 studies. Furthermore, a combined analysis of both studies showed that the significant association of rs266729 with colorectal cancer risk persisted after adjustment for age, sex, race, and SNPs within the same gene. Using prevalence of 0.48 (prevalence of GG/CG for SNP rs266729 in controls), our study had good power to detect an OR of 2 (combined study: p o w e r = 0 . 9 9 ; m a t c h e d s t u d y : power = 0.93; unmatched study: power=0.99).
While rs226729 was associated with colorectal cancer risk in both studies, this SNP only represents a genomic region putatively associated with risk. It is likely that the functionally significant SNPs/mutations are different. Additional studies that include resequencing of this genomic region and dense SNP analysis will be needed to identify these SNPs/mutations and determine their impact on the expression levels of ADIPOQ.
Our study also has several limitations. The epidemiological design is relatively informal, with possibly different case and control populations. Cases and controls in study 1 differed significantly in sex and age in that the median age of cases was slightly higher than that of controls. It is possible that age differences in cases and controls affected the allele frequencies observed. Furthermore, inaccurate information with respect to any variable classification would result in nondifferential misclassification, which also would be expected to result in a conservative bias in measures of association. A common limitation to both studies is the absence of information on family history of colorectal cancer as well as other risk factors for colorectal cancer. Another limitation is the difference between the 2 studies as to the patient population included. All cases and controls were white and of Ashkenazi Jewish background in study 1, whereas casecontrol study 2 included several ethnic groups. The additional SNPs associated with colorectal cancer risk in study 1 may be specific to Ashkenazi Jews, a population with increased colorectal cancer risk. Of note, APC I1307K, a gene associated with increased colorectal cancer risk in Ashkenazi Jews, 31 maps to 5q21-22. If 1 or more of the 3 SNPs associated with colorectal cancer in study 1 are validated in another population of Ashkenazi Jews, it will be interesting to study gene-gene interactions between these SNPs and APC I1307K. In addition, we did not make any formal adjustment of our results for the multiple comparisons made in the study with 10 SNPs. This adjustment, however, would not have materially changed the conclusions of our study.
To our knowledge, this is the first study reporting an association of polymorphisms of the adiponectin path- way with colorectal cancer risk. Our study did not attempt to provide a comprehensive evaluation of all genes involved in the adiponectin pathway. Our findings, however, suggest that ADI-POQ rs266729 is associated with colorectal cancer risk. Importantly, they suggest that the 5Ј region of the ADI-POQ gene harbor SNPs/mutations susceptible to modify colorectal cancer risk. If these exciting results can be confirmed in other studies, the adiponectin axis may emerge as an important modifier of colorectal cancer risk. Future studies will need to address the potential impact of adiponectin and its SNPs in the prognosis of colorectal cancer and also may be incorporated in genetic risk models for the disease.
